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FIG.2 



(54) Scheme for controlling transmission powers during soft handover in a cdma mobile 
communication system 

(57) A scheme for controlling transmission powers 
during a soft handover in a CDMA mobile communica- 
tion system, in which the receiving quality can always 
satisfy the reference quality even when a relationship 
between the receiving qualities at the base stations is 
reversed within the selective combination interval. In 
this transmission power control scheme, one radio 
channel among a plurality of radio channels is selected 
as a reference radio channel at the preserved selective 
combination interval, and then a transmission power 
control is carried out at a prescribed transmission power 
control interval so that a receiving quality of the refer- 
ence radio channel satisfies a prescribed reference 
quality, while not switching the reference radio channel 
within the prescribed selective combination interval. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 



The present invention relates to a transmission 
power control scheme for a CDMA (Code Division Mul- 
tiple Access) mobile communication system, and more 
particularly, to a scheme for controlling transmission 
powers during a soft handover in which a mobile station 
is simultaneously connected with a plurality of base sta- 
tions in the CDMA mobile communication system, for 
the purpose of making a receiving quality of a reference 
radio channel equal to a prescribed receiving quality, 

DESCRIPTION OF THE BACKGROUND ART 

In order to increase the radio channel capacity (the 
maximum number of simultaneous communications) in 
the CDMA mobile communication system, there is a 
need to control transmission powers so that the receiv- 
ing qualities of all the radio channels are always set 
equal to each other. 

On the other hand, in the transmission power con- 
trol during the soft handover in which a mobile station is 
simultaneously connected with a plurality of base sta- 
tions, the transmission power can be further reduced by 
carrying out a transmission power control for setting a 
receiving quality of a radio channel with the best radio 
channel quality (which will be referred to as a reference 
radio channel hereafter) equal to a prescribed reference 
quality (see Japanese Patent Application No. 7-77934 
(1995) for detail). 

In the soft handover, a plurality of base stations are 
connected with a combining station via wire transmis- 
sion lines, where a plurality of upward transmission sig- 
nals from these base stations to the combining station 
are selectively combined at a prescribed selective com- 
bination interval at the combining station while a plural- 
ity of downward transmission signals from these base 
stations to the mobile station are selectively combined 
at a prescribed selective combination interval at the 
mobile station. 

When the above mentioned conventional transmis- 
sion power control method disclosed in Japanese Pat- 
ent Application No. 7-77934 is applied to such a soft 
handover using the selective combination, there arises 
a problem that the radio channel quality after the selec- 
tive combination becomes lower than the reference 
quality. 

Namely, from a viewpoint of the radio channel 
capacity, there is a need to set the transmission power 
control interval to be an extremely short period of time 
such as 1 msec, for example. On the other hand, from a 
viewpoint of the transmission traffic for the reliability 
information, it is quite difficult to set the selective combi- 
nation interval equal to the transmission power control 
interval, and therefore the selective combination interval 
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is set to be longer than the transmission power control 
interval. 

Fig. 1 shows an exemplary variation in time of a 
receiving SIR (Signal to Interference Ratio), which is a 

5 ratio of a desired signal receiving level and an interfer- 
ence receiving level at each base station, for a case of 
using a constant maximum transmission power without 
the transmission power control and for a case of carry- 
ing out the conventional transmission power control. 

10 As shown in Fig. 1 , for a frame A section, when the 
transmission power control is OFF, the receiving SIR for 
a base station BS2 as indicated by a dashed line is 
higher so that a radio channel of this base station BS2 
becomes the reference radio channel. Consequently, 

is when the transmission power control is ON, the the 
receiving SIR of this base station BS2 is controlled to be 
equal to a reference SIR so that the base station BS2 
always satisfies the reference SIR. At the same time, 
the receiving SIR of a base station BSt as indicated by 

20 a solid line is also controlled to be smaller as much as 
the receiving SIR of the base station BS2 is made 
smaller. As should be apparent, at a time of the selec- 
tive combination for the frame A, the received frame of 
the base station BS2 will be selected so that the refer- 
25 ence SIR can be satisfied even after the selective com- 
bination. 

In contrast, for a frame B section, in a section B-, up 
to a middle, the receiving SIR for the base station BS2 
as indicated by a dashed line is higher so that the radio 
30 channel of the base station BS2 becomes the reference 
radio channel when the transmission power control is 
OFF. Consequently, when the transmission power con- 
trol is ON, and consequently the receiving SIR of the 
base station BS2 is controlled to be equal to the refer- 

35 ence SIR so that the base station BS2 satisfies the ref- 
erence SIR while the receiving SIR of the base station 
BS1 is lower than the reference SIR. 

Then, the receiving SIR of the base station BS1 
becomes higher than that of the base station BS2 in a 

40 section B2 from a middle. Here, the transmission power 
control interval is shorter than the frame length so that 
the radio channel of the base station BS1 becomes the 
reference radio channel from this middle point on as the 
receiving SIR of the base station BS1 as indicated by a 

45 solid line becomes higher from this middle point on 
when the transmission power control is OFF. Conse- 
quently, when the transmission power control is ON, the 
receiving SIR of this base station BS1 is controlled to be 
equal to the reference SIR so that the base station BS1 

so satisfies the reference SIR while the receiving SIR of 
the base station BS2 becomes lower than the reference 
SIR. 

In an example shown in Rg. 1 , the average SIR in 
the frame B section is higher for the base station BS2, 
55 so that the received frame of the base station BS2 will 
be selected at a time of the selective combination, but 
the average receiving SIR of the base station BS2 for 
the frame B becomes lower than the reference SIR 
because the receiving SIR of the base station BS2 is 
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degraded in the section 

Thus, there has been a problem that the communi- 
cation quality becomes lower than the reference SIR 
after the selective combination for the frame B. 

In other words, when the conventional transmission 
power control method of Japanese Patent Application 
NO 7-77934 is applied to the soft handover using the 
selective combination, there has been a problem that 
the communication quality after the selective combina- 
tion cannot satisfy the reference quality at such a selec- 
tive combination section in which a relationship 
between the receiving qualities of the base stations is 
reversed, because the transmission power control inter- 
val is shorter than the selective combination interval. 

In particular, when the fading frequency is higher, a 
relationship between the receiving qualities of the base 
stations will be reversed more frequently within the 
selective combination interval, and therefore a degrada- 
tion of the communication quality after the selective 
combination is expected to be even worse, but such a 
severe degradation of the communication quality is 
intolerable from a viewpoint o1 the service quality. 

In addition, for the purpose of the selective combi- 
nation at the combining station, the data transmission 
from a plurality of base stations to the combining station 
via a plurality of wire transmission lines is required, so 
that there has also been a problem concerning the 
increase of the wire transmission line traffic, which in 
turn causes the increase of the wire transmission line 
cost 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a scheme for controlling transmission powers 
during a soft handover in a CDMA mobile communica- 
tion system, in which the receiving quality can always 
satisfy the reference quality even when a relationship 
between the receiving qualities of the base stations is 
reversed within the selective combination interval. 

According to one aspect of the present invention 
there is provided a method for controlling transmission 
powers during a soft handover in a CDMA mobile com- 
munication system where a mobile station is simultane- 
ously connected with a plurality of base stations via a 
plurality of radio channels while said plurality of base 
stations are connected with a combining station via a 
plurality of wire transmission lines so that a plurality of 
transmission signals from said plurality of base stations 
to the combining station are selectively combined at a 
prescribed selective combination interval by the com- 
bining station and a plurality of transmission signals 
from said plurality of base stations to the mobile station 
are selectively combined at the prescribed selective 
combination interval by the mobile station, the method 
comprising the steps of: selecting one radio channel 
among said plurality of radio channels as a reference 
radio channel at the prescribed selective combination 
interval; and carrying out a transmission power control 



at a prescribed transmission power control interval so 
that a receiving quality of the reference radio channel 
satisfies a preserved reference quality, while not 
switching the reference radio channel within the pre- 
5 scribed selective combination interval. 

According to another aspect of the present inven- 
tion there is provided a CDMA mobile communication 
system comprising a mobile station, a plurality of base 
stations, and a combining station, where the mobile sta- 
rt? tion during a soft handover is simultaneously connected 
with a plurality of base stations via a plurality of radio 
channels while said plurality of base stations are con- 
nected with a combining station via a plurality of wire 
trartsmission lines so that a plurality of transmission sig- 
15 nals from said plurality of base stations to the combining 
station are selectively combined at a prescribed selec- 
tive combination interval by the combining station and a 
plurality of transmission signals from said plurality of 
base stations to the mobile station are selectively com- 
20 bined at the prescribed selective combination interval 
by the mobile station, wherein the mobile station 
includes: a selection unit for selecting one radio channel 
among said plurality of radio channels as a reference 
radio channel at the prescribed selective combination 
25 interval: and a control unit for carrying out a transmis- 
sion power control at a prescribed transmission power 
control interval so that a receiving quality of the refer- 
ence radio channel satisfies a prescribed reference 
quality, while not switching the reference radio channel; 
30 within the prescribed selective combination interval. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accompanying 
drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing an exemplary variation in 
time of a receiving SIR for a case of using a constant 

40 maximum transmission power without the transmission 
power control and for a case of carrying out the conven- 
tional transmission power control. 

Fig. 2 is a schematic block diagram of an exemplary 
CDMA mobile communication system for realizing the 

45 transmission power control scheme according to the 
present invention. 

Fig. 3 is a block diagram showing an internal config- 
uration of a mobile station in the CDMA mobile commu- 
nication system of Fig. 2. 

so Fig. 4 is a block diagram showing an internal config- 
uration of each base station in the CDMA mobile com- 
munication system of Fig. 2. 

Fig. 5 is a graph showing an exemplary variation in 
time of a receiving SIR for a case of using a constant 

55 maximum transmission power without the transmission 
power control and for a case of carrying out the trans- 
mission power control according to the present inven- 
tion. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Fig. 2 to Fig. 5, the preferred 
embodiments of the transmission power control scheme 
according to the present invention will be described in 
detail. 

Fig. 2 shows a schematic configuration of an exem- 
plary CDMA mobile communication system for realizing 
the transmission power control scheme according to the 
present invention, which comprises a mobile station 
MS, two base stations BS1 and BS2, and a combining 
station CS. 

In this CDMA mobile communication system of Fig. 
2, the mobile station MS is in a process of the soft 
handover and receiving a downlink radio channel 91 
from the base station BS1 and a downlink radio channel 
93 from the base station BS2 while transmitting a com- 
mon uplink radio channel 95 to the base stations BS1 
and BS2. In addition, the base station BS1 is connected 
with the combining station CS through a wire transmis- 
sion line 97 and the base station BS2 is connected with 
the combining station CS through a wire transmission 
line 99. 

Fig. 3 shows a configuration of the mobile station 
MS in the CDMA mobile communication system of Fig. 
2. which comprises an antenna 10, a duplexer 11, a 
reception radio unit 12, despreading units 13 and 13'. 
demodulation units 14 and 14', a transmission power 
control information extraction unit 15, a transmission 
power control information selection unit 16, a transmis- 
sion power control unit 17, desired signal receiving 
power detection units 19 and 19\ interference receiving 
power detection units 20 and 20', a first type SIR calcu- 
lation unit 20 for calculating an SIR per a transmission 
power control interval, an SIR selection unit 21, a trans- 
mission power control information determining unit 22, a 
signal generation unit 23. a modulation unit 24, a 
spreading unit 25, a transmission radio unit 26, a sec- 
ond type SIR extraction unit 27 for extracting an SIR 
immediately before a unit of selective combination from 
the received signals, and a second type SIR calculation 
units 28 and 28' for calculating an SIR immediately 
before a unit of selective combination. The functions of 
these elements of the mobile station MS will be 
described in detail below. 

Fig. 4 shows a configuration of each base station 
BS (BS1 or BS2) in the CDMA mobile communication 
system of Fig. 2, which comprises an antenna 63, a 
duplexer 31 , a transmission radio unit 33, a spreading 
unit 35, a modulation unit 37, a signal generation unit 
39, a transmission power control unit 41, a transmission 
power control information extraction unit 43, a transmis- 
sion power control information determining unit 45, a 
combining station interface 47, a reception radio unit 49, 
a despreading unit 51 , a desired signal receiving power 
detection unit 53, an interference receiving power 
detection unit 55, a demodulation unit 57, a first type 
SIR calculation unit 59 for calculating an SIR per a 



transmission power control interval, a second type SIR 
calculation unit 61 for calculating an SIR immediately 
before a unit of selective combination, a transmission 
data extraction unit 65, a reference radio channel spec- 
5 ifying information extraction unit 67, and a wire trans- 
mission judgement unit 69. The functions of these 
elements of the base station BS will be described in 
detail below. 

In the CDMA mobile communication system of Fig. 

10 2, the mobile station MS and the base station BS which 
are in communication will carry out the transmission 
power control at a prescribed transmission power con- 
trol interval so that the receiving qualities of the respec- 
tive radio channels become equal to a prescribed 

15 reference quality. In addition, during the soft handover in 
which the mobile station MS is simultaneously con- 
nected with a plurality (two in this embodiment) of base 
stations BS1 and BS2 as indicated in Fig. 2, the base 
stations BS1 and BS2 are connected with the combin- 

20 ing station CS through the respective wire transmission 
lines 97 and 99 so that the transmission signals from the 
base stations BS1 and BS2 to the combining station CS 
are selectively combined at the combining station CS at 
a prescribed selective combination interval, while the 

25 transmission signals from the base stations BS1 and 
BS2 to the mobile station MS are selectively combined 
at the mobile station MS at a prescribed selective com- 
bination interval. 

Now, in the first embodiment of the transmission 

30 power control scheme according to the present inven- 
tion, the CDMA mobile communication system of Fig. 2 
is operated as follows. 

At each one of the base stations BS1 and BS2, the 
uplink radio channel from the mobile station MS is 

35 received by the antenna 63, and the received signals 
are entered into the reception radio unit 49 through the 
duplexer 31. These received signals are then subjected 
to a processing such as a removal of components out- 
side the bandwidth, an amplification, a frequency con- 

40 version to an intermediate frequency band, a detection, 
and an A/D conversion at the reception radio unit 49, 
and then entered into the despreading unit 51. These 
received signals are then despread by the despreading 
unit 51 . while the desired signal receiving power and the 

45 interference receiving power are measured whenever 
necessary by the desired signal receiving power detec- 
tion unit 53 and the interference receiving power detec- 
tion unit 55, respectively. 

These measured desired signal receiving power 

so and interference receiving power are then supplied to 
the first type SIR calculation unit 59, where the SIR 
value is calculated at a prescribed timing in each trans- 
mission power control interval, and the calculated SIR 
value is supplied to the transmission power control infor- 

55 mation determining unit 45. 

At the transmission power control information 
determining unit 45, the entered SIR value is compared 
with a prescribed reference SIR value. When the 
entered SIR value is greater than or equal to the pre- 
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scribed reference SIR value, it is decided that the trans- 
mission power control information should be "lower the 
upward transmission power", whereas when the 
entered SIR value is less than the prescribed reference 
SIR value, it is decided that the transmission power con- 5 
trol information should be "raise the upward transmis- 
sion power". This decision is then notified to the signal 
generation unit 39. 

The signal generation unit 39 then generates the 
transmission power control information to be set to the 10 
downlink radio channel according to the decision noti- 
fied from the transmission power control information 
determining unit 45, and constructs transmission 
frames for the downlink radio channel by using the gen- 
erated transmission power control information and the is 
downward transmission data given from the combining 
station interface 47. 

The transmission frames are then modulated by the 
modulation unit 37, spread by the spreading unit 35, 
and subjected to a processing such as a D/A conver- 20 
sion, a frequency conversion and an amplification at the 
transmission radio unit 33. The transmission frames are 
then transmitted to the mobile station MS from the 
antenna 63 through the duplexer 31 . 

On the other hand, at the mobile station MS in a 25 
process of the soft handover which is in communication 
with a plurality of base stations BS1 and BS2. a plurality 
of downward signals from the base stations BS1 and 
BS2 are collectively received by the antenna 10, and 
entered into the reception radio unit 12 through the 30 
duplexer 11. These collectively entered plurality of 
downward signals are then subjected to a processing 
such as a removal of components outside the band- 
width, an amplification, a frequency conversion to an 
intermediate frequency band, a detection, and an A/D 35 
conversion at the reception radio unit 12. These down- 
ward signals for two radio channels are then distributed 
to the despreading units 13 and 13'. 

These downward signals from two base stations 
BSl and BS2 are then separately despread by using 40 
the respective spread codes at the despreading units 1 3 
and 13', and the despread signals for two radio chan- 
nels are then entered into the demodulation units 14 
and 14' respectively. The demodulation units 14 and 14* 
demodulate the respective despread signals for the 45 
respective radio channels, and supply these demodu- 
lated signals for two radio channels to the transmission 
power control information extraction unit 15. The trans- 
mission power control information extraction unit 15 - 
then extracts two transmission power control informa- so 
tions from the supplied demodulated signals for two 
radio channels, and supplies these two extracted trans- 
mission power control informations to the transmission 
power control information selection unit 16. 

The transmission power control information selec- ss 
tion unit 16 selects one transmission power control 
information which is continually commanding the lower- 
ing of the transmission power for the longest period of 
time prior to the transmission power control information 



immediately before the current unit of selective combi- 
nation among these two entered transmission power 
control informations. Then, only the transmission power 
control received from one base station which transmit- 
ted that selected transmission power control information 
is supplied to the transmission power control unit 17 
during the current unit of selective combination. This 
processing is carried out at every selective combination 
interval. 

The transmission power control unit 1 7 determines 
the transmission power value at the transmission power 
control interval so as to raise or lower the transmission 
power by a prescribed value according to the entered 
transmission power control information, and notifies the 
determined transmission power value to the transmis- 
sion radio unit 26. At the transmission radio unit 26, the 
upward transmission signals given from the spreading 
unit 25 are subjected to a processing such as a D/A 
conversion, a frequency conversion, and an amplifica- 
tion according to the transmission power value notified 
from the transmission power control unit 1 7, and then 
transmitted to the base stations BS1 and BS2 from the 
antenna 10 through the duplexer 1 1 . 

In this first embodiment, the radio channel which is 
continually commanding the lowering of the transmis- 
sion power for the longest period of time prior to the 
transmission power control information immediately 
before the current unit of selective combination is set as 
the reference radio channel for the current unit of selec- 
tive combination. Namely, the mobile station in a proc- 
ess of the soft handover sets the radio channel which 
has the best receiving quality immediately before each 
unit of selective combination among a plurality of radio 
channels as the reference radio channel for each unit of 
selective combination and carries out the transmission 
power control so that the receiving SIR of this reference 
radio channel becomes equal to the prescribed refer- 
ence SIR. In an exemplary case shown in Fig. 5, for a 
unit of 

selective combination B, the radio channel of the 
base station BS2 which has the best receiving SIR 
immediately before this unit of selective combination B 
is set as the reference radio channel, and even when 
the receiving SIR of the base station BS1 becomes bet- 
ter than that of the base station BS2 during this unit of 
selective combination B as indicated in Fig. 5, the refer- 
ence radio channel is not switched within this unit of 
selective combination B, so that the prescribed refer- 
ence quality can be satisfied by the reference radio 
channel within the unit of selective combination. 

Note here that, in an exemplary case shown in Fig. 
5, the receiving SIR of the base station BS1 slightly 
exceeds the reference SIR at the section B2 of the unit 
of selective combination B and this causes the interfer- 
ence so that the capacity is slightly reduced, but this 
reduction of the capacity is so slight that it hardly causes 
any practical problem. 

Next, in the second embodiment of the transmis- 
sion power control scheme according to the present 
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invention, the CDMA mobile communication system of 
Fig. 2 is operated as follows. 

In this second embodiment, the mobile station MS 
is in a process of the soft handover where the mobile 
station MS is simultaneously connected with two base s 
stations BS1 and BS2, a plurality of downward signals 
from the base stations BS1 and BS2 are collectively 
received by the antenna 10, and entered into the recep- 
tion radio unit 12 through the duplexer 1 1 . These collec- 
tively entered plurality of downward signals are then 10 
subjected to a processing such as a removal of compo- 
nents outside the bandwidth, an amplification, a fre- 
quency conversion to an intermediate frequency band, 
a detection, and an A/D conversion at the reception 
radio unit 12. These downward signals for two radio is 
channels are then distributed to the despreading units 
13 and 13', and separately despread by using the 
respective spread codes at the despreading units 13 
and 13'. 

In addition, at the despreading units 1 3 and 1 3', the 20 
desired signal receiving power and the interference 
receiving power of the received signals for each radio 
channel are measured whenever necessary by the 
desired signal receiving power detection units 18 and 
1 8' and the interference receiving power detection units 25 
19 and 19' respectively, and the measured receiving 
power values for each radio channel are supplied to the 
first type SIR calculation units 20 and 20* and the sec- 
ond type SIR calculation units 28 and 28* respectively. 
The first type SIR calculation units 20 and 20' respec- 30 
tively calculate the SIR values for respective radio chan- 
nels at a prescribed timing in each transmission power 
control interval according to the measured receiving 
power values and supply the calculated SIR values for 
two radio channels to the SIR selection unit 21. The 35 
second type SIR calculation units 28 and 28' respec- 
tively calculate the SIR values for respective radio chan- 
nels immediately before a unit of selective combination 
according to the measured receiving power values and 
supply the calculated SIR values for two radio channels 40 
to the SIR selection unit 21. 

The SIR selection unit 21 selects the downlink radio 
channel with the best receiving SIR immediately before 
a unit of selective combination among those supplied 
from the second type SIR calculation units 28 and 28* as 45 
the reference radio channel for the current unit of selec- 
tive combination, while selecting the SIR value supplied 
from one of the first type SIR calculation units 20 and 
20' corresponding to the reference radio channel for the > 
current unit of selective combination, and supplying the so 
selected SIR value to the transmission power control 
information determining unit 22. In this case, the SIR 
value supplied from the other one of the first type SIR 
calculation units 20 and 20' corresponding to the other 
radio channel which is not the reference radio channel ss 
for the current unit of selective combination will be dis- 
carded at the SIR selection unit 21. This processing is 
carried out at every selective combination interval. 

At the transmission power control information 
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determining unit 22, the entered SIR value is compared 
with a prescribed reference SIR value. When the 
entered SIR value is greater than or equal to the pre- 
scribed reference SIR value, it is decided that the trans- 
mission power control information should be "lower the 
downward transmission power", whereas when the 
entered SIR value is less than the prescribed reference 
SIR value, it is decided that the transmission power con- 
trol information should be "raise the downward trans- 
mission power". This decision is then notified to the 
signal generation unit 23. 

The signal generation unit 23 then generates the 
transmission power control information to be set to the 
uplink radio channel according to the decision notified 
from the transmission power control information deter- 
mining unit 22, and constructs transmission frames for 
the uplink radio channel by using the generated trans- 
mission power control information. 

The transmission frames are then modulated by the 
modulation unit 24, spread by the spreading unit 25, 
and subjected to a processing such as a D/A conver- 
sion, a frequency conversion and an amplification at the 
transmission radio unit 26. The transmission frames are 
then transmitted to a plurality of base stations BS1 and 
BS2 from the antenna 10 through the duplexer 1 1 . 

On the other hand, at each base station BS, the 
upward signal from the mobile station MS is received by 
the antenna 63, and entered into the reception radio unit 
49 through the duplexer 31. The received upward signal 
is then subjected to a processing such as a removal of 
components outside the bandwidth, an amplification, a 
frequency conversion to an intermediate frequency 
band, a detection, and an A/D conversion at the recep- 
tion radio unit 49, and then entered into the despreading 
unit 51 . 

The despreading unit 51 despreads the received 
upward signal and supplies the despread signal into the 
demodulation unit 57. The demodulation unit 57 demod- 
ulates the despread signal and supplies the demodu- 
lated signal into the transmission power control 
information extraction unit 43 and the combining station 
interface 47. The combining station interface 47 then 
transmits the user data to the combining station CS 
through a wire transmission line 97 or 99. 

The transmission power control information extrac- 
tion unit 43 extracts the transmission power control 
information from the demodulated signal supplied by 
the demodulation unit 57 at each transmission power 
control interval, and supplies the extracted transmission 
power control information to the transmission power 
control unit 41 . The transmission power control unit 41 
determines the transmission power value at the trans- 
mission power control interval so as to raise or lower the 
transmission power by a prescribed value according to 
the entered transmission power control information, and 
notifies the determined transmission power value to the 
transmission radio unit 33. 

At the transmission radio unit 33, the downward 
transmission signals given from the spreading unit 35 
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are subjected to a processing such as a D/A conver- 
sion, a frequency conversion, and an amplification 
according to the transmission power value notified from 
the transmission power control unit 41 , and then trans- 
mitted to the mobile station MS from the antenna 63 s 
through the duplexer 31 . 

Next, in the third embodiment of the transmission 
power control scheme according to the present inven- 
tion, the CDMA mobile communication system of Fig. 2 
is operated as follows. 10 

In this third embodiment, during the soft handover 
in which the mobile station MS is simultaneously con- 
nected with a plurality of base stations BS1 and BS2, 
each base station BS receives the uplink radio channel 
from the mobile station MS at the antenna 63, and the is 
received signals are entered into the reception radio 
unit 49 through the duplexer 31 . These received signals 
are then subjected to a processing such as a removal of 
components outside the bandwidth, an amplification, a 
frequency conversion to an intermediate frequency 20 
band, a detection, and an A/D conversion at the recep- 
tion radio unit 49, and then entered into the despreading 
unit 51. These received signals are then despread by 
the despreading unit 51. while the desired signal receiv- 
ing power and the interference receiving power are 25 
measured whenever necessary by the desired signal 
receiving power detection unit 53 and the interference 
receiving power detection unit 55, respectively. 

These measured desired signal receiving power 
and interference receiving power are then supplied to 30 
the first type SIR calculation unit 59 and the second type 
SIR calculation unit 63. The first type SIR calculation 
unit 59 calculates the SIR value at a prescribed timing in 
each transmission power control interval according to 
the measured receiving power values and supplies the 3s 
calculated SIR value to the transmission power control 
information determining unit 45. The second type SIR 
calculation unit 63 calculates the SIR value immediately 
before a unit of selective combination according to the 
measured receiving power values and supply the calcu- 40 
lated SIR value to the signal generation unit 39. 

At the transmission power control information 
determining unit 45, the entered SIR value is compared 
with a prescribed reference SIR value. When the 
entered SIR value is greater than or equal to the pre- 
scribed reference SIR value, it is decided that the trans- 
mission power control information should be "lower the 
upward transmission power", whereas when the 
entered SIR value is less than the prescribed reference 
SIR value, it is decided that the transmission power con- 
trol information should be "raise the upward transmis- 
sion power". This decision is then notified to the signal 
generation unit 39. 

The signal generation unit 39 then generates the 
transmission power control information to be set to the 
downlink radio channel according to the decision noti- 
fied from the transmission power control information 
determining unit 45, and constructs transmission 
frames for the downlink radio channel by using the gen- 
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erated transmission power control information, the 
downward transmission data given from the combining 
station interface 47, and the SIR value supplied from the 
second type SIR calculation unit 61. 

The transmission frames are then modulated by the 
modulation unit 37, spread by the spreading unit 35, 
and subjected to a processing such as a D/A conver- 
sion, a frequency conversion and an amplification at the 
transmission radio unit 33. The transmission frames are 
then transmitted to the mobile station MS from the 
antenna 63 through the duplexer 31 . 

On the other hand, at the mobile station MS, a plu- 
rality of downward signals from the base stations BS1 
and BS2 are collectively received by the antenna 10, 
and entered into the reception radio unit 12 through the 
duplexer 11. These collectively entered plurality of 
downward signals are then subjected to a processing 
such as a removal of components outside the band- 
width, an amplification, a frequency conversion to an 
intermediate frequency band, a detection, and an A/D 
conversion at the reception radio unit 12. These down- 
ward signals for two radio channels are then distributed 
to the despreading units 13 and 13'. 

These downward signals from two base stations 
BS1 and BS2 are then separately despread by using 
the respective spread codes at the despreading units 13 
and 13*. and the despread signals for two radio chan- 
nels are then entered into the demodulation units 14 
and 14' respectively. The demodulation units 14 and 14' 
demodulate the respective despread signals for the 
respective radio channels, and supply these demodu- 
lated signals for two radio channels to the transmission 
power control information extraction unit 15 and the sec- 
ond type SIR extraction unit 27. 

The transmission power control information extrac- 
tion unit 1 5 then extracts two transmission power control 
informations from the supplied demodulated signals for 
two radio channels at each transmission power control 
interval, and supplies these two extracted transmission 
power control informations to the transmission power 
control information selection unit 16. The second type 
SIR extraction unit 27 extracts two SIR values immedi- 
ately before a unit of selective combination measured 
by the base stations from the supplied demodulated sig- 
nals for two radio channels at each selective combina- 
tion interval, and supplies these two SIR values to the 
transmission power control information selection unit 
16. 

The transmission power control information selec- 
tion unit 16 selects the uplink radio channel with the 
best SIR immediately before a unit of selective combi- 
nation among those supplied from the second type SIR 
extraction unit 27 as the reference radio channel for the 
current unit of selective combination, while selecting the 
transmission power control information supplied from 
the transmission power control information extraction 
unit 15 which is corresponding to the reference radio 
channel for the current unit of selective combination, 
and supplying the selected transmission power control 
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information to the transmission power control unit 1 7. In 
this case, the transmission power control information 
corresponding to the other radio channel which is not 
the reference radio channel for the current unit of selec- 
tive combination will be discarded at the transmission 
power control information selection unit 15. This 
processing is carried out at every selective combination 
interval. 

The transmission power control unit 1 7 determines 
the transmission power value at the transmission power 
control interval so as to raise or lower the transmission 
power by a prescribed value according to the transmis- 
sion power control information supplied from the trans- 
mission power control information selection unit 16, and 
notifies the determined transmission power value to the 
transmission radio unit 26. At the transmission radio unit 
26, the upward transmission signals given from the 
spreading unit 25 are subjected to a processing such as 
a D/A conversion, a frequency conversion, and an 
amplification according to the transmission power value 
notified from the transmission power control unit 1 7, and 
then transmitted to the base stations BS1 and BS2 from 
the antenna 10 through the duplexer 1 1 . 

Next, in the fourth embodiment of the transmission 
power control scheme according to the present inven- 
tion, the CDMA mobile communication system of Fig. 2 
is operated as follows. 

In this fourth embodiment, when the reference radio 
channel is determined for each unit of selective combi- 
nation by the transmission power control information 
selection unit 16 of the mobile station MS, a reference 
radio channel specifying information which is specifying 
this determined reference radio channel for each unit of 
selective combination is supplied to the signal genera- 
tion unit 23. At the signal generation unit 23, this refer- 
ence radio channel specifying information is included 
into the transmission signals which includes the trans- 
mission power control information supplied from the 
transmission power control information determining unit 
22, and the transmission signals are supplied to the 
modulation unit 24. These transmission signals contain- 
ing the reference radio channel specifying information 
are then demodulated by the demodulation unit 24, 
spread by the spreading unit 25, and transmitted to the 
base stations BS1 and BS2 through the transmission 
radio unit 26, the duplexer 1 1 and the antenna 10. 

On the other hand, each base station BS receives 
the transmission signals from the mobile station MS at 
the antenna 63, and the received signals are entered 
into the reception radio unit 49 through the duplexer 31 . 
These received signals are then despread by the 
despreading unit 51 , and demodulated by the demodu- 
lation unit 57. From these demodulated signals, the 
transmission data and the reference radio channel 
specifying information are separately extracted at each 
unit of selective combination by the transmission data 
extraction unit 65 and the reference radio channel spec- 
ifying information extraction unit 67, and supplied to the 
wire transmission judgement unit 69. 



The wire transmission judgement unit 69 then 
judges whether the reference radio channel specifying 
information in the current unit of selective combination 
indicates a radio channel of the own station or not, and 

s when it indicates a radio channel of the own station, 
transmits the transmission data contained in the current 
unit of selective combination to the combining station 
CS through the combining station interlace 47 and the 
wire transmission line 97 or 99. 

w Also, at the wire transmission judgement unit 69, 
when the reference radio channel specifying informa- 
tion supplied from the reference radio channel specify- 
ing information extraction unit 67 does not indicate a 
radio channel of the own station, or a state in which it 

is does not indicate a radio channel of the own station is 
consecutively encountered for a prescribed number of 
times, the transmission data contained in the current 
unit of selective combination are not transmitted 
through the wire transmission line 97 or 99. 

20 Using this configuration in which the base station 
does not transmits the transmission data through the 
wire transmission line when the reference radio channel 
specifying information does not indicate a radio channel 
of the own station or a state in which it does not indicate 

25 a radio channel of the own station is consecutively 
encountered for a prescribed number of times, it 
becomes possible to reduce the wire transmission line 
traffic. In other words, it becomes possible to realize the 
same level of the wire transmission line traffic as in a 

30 case of not carrying out the maximum soft handover. 

As described, according to the present invention, 
one radio channel is set as the reference radio channel 
among a plurality of radio channels, and the transmis- 
sion power control is carried out so that the receiving 

35 quality of the reference radio channel becomes the pre- 
scribed reference quality, while this reference radio 
channel is not switched within the selective combination 
interval. Consequently, even in the selective combina- 
tion interval in which a relationship between the receiv- 

40 ing qualities of the base stations is reversed, it is 
possible for the reference radio channel to always sat- 
isfy the prescribed reference quality within the selective 
combination interval. 

Note here that the present invention can be applied 

45 to the uplink radio channels alone, the downlink radio 
channels alone, or both of them simultaneously, by set- 
ting the reference radio channel among uplink radio 
channels alone or among downlink radio channels 
alone, or else by setting one reference radio channel 

so among uplink radio channels while setting another ref- 
erence radio channel among downlink radio channels 
separately. 

Also, according to the present invention, the radio 
channel which has the best receiving quality immedi- 
55 ately before each unit of selective combination among a 
plurality of radio channels is set as the reference radio 
channel, and the transmission power control is carried 
out so that the receiving quality of the reference radio 
channel becomes the prescribed reference quality. Con- 



8 



BNSDOCID: <EP 0809365A1 J_> 



% 



15 



EP 0 809 365 A1 



sequentty, it is possible for the reference radio channel 
to always satisfy the prescribed reference quality within 
the selective combination interval. 

Also, according to the present invention, the mobile 
station during the soft handover sets the radio channel 
which is continually commanding the lowering of the 
transmission power for the longest period of time prior 
to the transmission power control information immedi- 
ately before the current unit of selective combination as 
the reference radio channel for the current unit of selec- 
tive combination, and this reference radio channel is not 
switched within the selective combination interval. Con- 
sequently, it is possible for the reference radio channel 
to always satisfy the prescribed reference quality within 
the selective combination interval. 

Also, according to the present invention, the receiv- 
ing quality is measured immediately before each unit of 
selective combination at the receiving side, and an infor- 
mation on the measured receiving quality, i.e., the 
measured receiving quality itself or an information indic- 
ative of the measured receiving quality, is transmitted to 
the transmitting side alongside the transmission power 
control information. Then, the transmitting side judges 
which radio channel is the best according to the infor- 
mation on the measured receiving quality, sets the radio 
channel that is judged the best as the reference radio 
channel, and this reference radio channel is not 
switched within the selective combination interval. Con- 
sequently, it is possible for the reference radio channel 
to always satisfy the prescribed reference quality within 
the selective combination interval. 

In addition, according to the present invention, an 
information for specifying which radio channel is the ref- 
erence radio channel is included at each unit of selec- 
tive combination in the uplink radio channel transmitted 
from the mobile station. Then, at each base station, 
when the received reference radio channel specifying 
information in the current unit of selective combination 
indicates a radio channel of the own station, the trans- 
mission data contained within the current unit of selec- 
tive combination are transmitted to the combining 
station via the wire transmission line, whereas when the 
received reference radio channel specifying information 
does not indicates a radio channel of the own station or 
when a state in which it does not indicate a radio chan- 
nel of the own station is consecutively encountered for a 
prescribed number of times, the transmission data con- 
tained within the current unit of selective combination 
are not transmitted to the combining station via the wire 
transmission line. Consequently, it becomes possible to 
reduced the wire transmission traffic to the same level 
as that in a case of not carrying out the maximum soft 
handover. 

It is to be noted that besides those already men- 
tioned above, many modifications and variations of the 
above embodiments may be made without departing 
from the novel and advantageous features of the 
present invention. Accordingly, all such modifications 
and variations are intended to be included within the 
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scope of the appended claims. 
Claims 

5 1. A method for controlling transmission powers dur- 
ing a soft handover in a CDMA mobile communica- 
tion system where a mobile station is 
simultaneously connected with a plurality of base 
stations via a plurality of radio channels white said 
10 plurality of base stations are connected with a com- 
bining station via a plurality of wire transmission 
lines so that a plurality ol transmission signals from 
said plurality of base stations to the combining sta- 
tion are selectively combined at a prescribed selec- 
ts tive combination interval by the combining station 
and a plurality of transmission signals from said plu- 
rality of base stations to the mobile station are 
selectively combined at the prescribed selective 
combination interval by the mobile station, the 
20 method comprising the steps of: 

selecting one radio channel among said plural- 
ity of radio channels as a reference radio chan- 
nel at the prescribed selective combination 
25 interval; and 

carrying out a transmission power control at a 
prescribed transmission power control interval 
so that a receiving quality of the reference radio 
channel satisfies a prescribed reference qual- 
30 ity, while not switching the reference radio 

channel within the prescribed selective combi- 
nation interval. 

2. The method of claim 1 , wherein the selecting step 
35 selects a radio channel which has a best receiving 
quality immediately before each unit of selective 
combination as the reference radio channel for said 
each unit of selective combination. 

40 3. The method of claim 1 , wherein the selecting step 
selects said one radio channel from a plurality of 
uplink radio channels. 

4. The method of claim 3, further comprising the steps 
45 of: 

judging at each base station whether a receiv- 
ing quality of a received uplink radio channel 
satisfies the prescribed reference quality or not 
so at the prescribed transmission power control 

interval; and 

transmitting from each base station through a 
downlink radio channel a transmission power 
control information at the prescribed transmis- 
55 sion power control interval, wherein the trans- 

mission power control information commands a 
lowering of an upward transmission power 
when the receiving quality of the received 
uplink radio channel is judged as satisfying the 
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prescribed reference quality or a raising of the 
upward transmission power when the receiving 
quality of the received uplink radio channel is 
judged as not satisfying the prescribed refer- 
ence quality; s 
and wherein at the selecting step, the mobile 
station receives a plurality of transmission 
power control informations from said plurality of 
base stations, and selects an uplink radio 
channel received by one base station that is 10 
transmitting the transmission power control 
information which is continually commanding a 
towering of the upward transmission power for 
a longest period of time prior to the transmis- 
sion power control information immediately is 
before a current unit of selective combination 
as the reference radio channel for the current 
unit of selective combination; and 
at the carrying out step, the mobile station car- 
ries out the transmission power control during 20 
the current unit of selective combination by low- 
ering or raising the upward transmission power 
at the prescribed transmission power control 
interval according to the transmission power 
control information transmitted from said one 25 
base station that is receiving the reference 
radio channel for the current unit of selective 
combination. 

The method of claim 3, further comprising the steps 30 
of: 

measuring at each base station a receiving 
quality of a received uplink radio channel 
immediately before each unit of selective com- 35 
bination; and 

transmitting from each base station to the 
mobile station a transmission power control 
information and an information on a measured 
receiving quality; 40 
and wherein at the selecting step, the mobile 
station selects an uplink radio channel which 
has a best receiving quality according to said 
information on a measured receiving quality for 
a plurality of uplink radio channels as the refer- 45 
ence radio channel for a current unit of selec- 
tive combination; and 

at the carrying out step, the mobile station car- 
, ries out the transmission power control during 
the current unit of selective combination by low- so 
ering or raising the upward transmission power 
at the prescribed transmission power control 
interval according to the transmission power 
control information transmitted from one base 
station that is receiving the reference radio ss 
channel for the current unit of selective combi- 
nation. 

The method of claim 1 , wherein the selecting step 



selects said one radio channel from a plurality of 
downlink radio channels. 

7. The method of claim 6, further comprising the steps 
of: 

judging at the mobile station whether a receiv- 
ing quality of a received downlink radio channel 
satisfies the prescribed reference quality or not 
at the prescribed transmission power control 
interval; and 

transmitting from the mobile station through an 
uplink radio channel a transmission power con- 
trol information at the prescribed transmission 
power control interval, wherein the transmis- 
sion power control information commands a 
lowering of a downward transmission power 
when the receiving quality of the received 
downlink radio channel is judged as satisfying 
the prescribed reference quality or a raising of 
the downward transmission power when the 
receiving quality of the received downlink radio 
channel is judged as not satisfying the pre- 
scribed reference quality; 
and wherein at the selecting step, the mobile 
station receives a plurality of downlink radio 
channels from said plurality of base stations, 
and selects a downlink radio channel which 
has a best receiving quality immediately before 
a current unit of selective combination as the 
reference radio channel for the current unit of 
selective combination; and 
at the carrying out step, the mobile station 
transmits an identical transmission power con- 
trol information to all of said plurality of base 
stations at the prescribed transmission power 
control interval according to a receiving quality 
of the reference radio channel for the current 
unit of selective combination, and each base 
station carries out the transmission power con- 
trol during the current unit of selective combi- 
nation by lowering or raising the downward 
transmission power at the prescribed transmis- 
sion power control interval according to the 
identical transmission power control informa- 
tion transmitted from the mobile station. 

8. The method of claim 1 , further comprising the steps 
of: . 

transmitting from the mobile station an uplink 
radio channel containing a reference radio 
channel specifying information for specifying 
the reference radio channel for each unit of 
selective combination; 

judging at each base station whether the refer- 
ence radio channel for a current unit of selec- 
tive combination specified by the reference 
radio channel specifying information is a radio 
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channel of said each base station or not; and 
transmitting transmission data contained within 
the current unit of selective combination from 
said each base station to the combining station 
via a wire transmission line when the reference 
radio channel for the current unit of selective 
combination is a radio channel of said each 
base station. 

9. The method of claim 8, wherein said each base sta- 
tion does not transmit the transmission data con- 
tained within the current unit of selective 
combination to the combining station via the wire 
transmission line when the reference radio channel 
for the current unit of selective combination is not a 
radio channel of said each base station. 

1 0. The method of claim 8, wherein said each base sta- 
tion does not transmit the transmission data con- 
tained within the current unit of selective 
combination to the combining station via the wire 
transmission line when a state in which the refer- 
ence radio channel for the current unit of selective 
combination is not a radio channel of said each 
base station is consecutively encountered for a pre- 
scribed number of times. 

1 1 . A CDMA mobile communication system comprising 
a mobile station, a plurality of base stations, and a 
combining station, where the mobile station during 
a soft handover is simultaneously connected with a 
plurality of base stations via a plurality of radio 
channels while said plurality of base stations are 
connected with a combining station via a plurality of 
wire transmission lines so that a plurality of trans- 
mission signals from said plurality of base stations 
to the combining station are selectively combined at 
a prescribed selective combination interval by the 
combining station and a plurality of transmission 
signals from said plurality of base stations to the 
mobile station are selectively combined at the pre- 
scribed selective combination interval by the mobile 
station, wherein the mobile station includes: 

a selection unit for selecting one radio channel 
among said plurality of radio channels as a ref- 
erence radio channel at the prescribed selec- 
tive combination interval; and 
a control unit for carrying out a transmission 
power control at a prescribed transmission 
power control interval so that a receiving qual- 
ity of the reference radio channel satisfies a 
prescribed reference quality, while not switch- 
ing the reference radio channel within the pre- 
scribed selective combination interval. 

12. The system of daim 1 1 , wherein the selection unit 
selects a radio channel which has a best receiving 
quality immediately before each unit of selective 
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combination as the reference radio channel for said 
each unit of selective combination. 

13. The system of claim 1 1 , wherein the selection unit 
5 selects said one radio channel from a plurality of 

uplink radio channels. 

14. The system of claim 13, wherein each base station 
includes: 

10 

a unit for judging whether a receiving quality of 
a received uplink radio channel satisfies the 
prescribed reference quality or not at the pre- 
scribed transmission power control interval; 

is and 

a unit for transmitting through a downlink radio 
channel a transmission power control informa- 
tion at the prescribed transmission power con- 
trol interval, wherein the transmission power 

20 control information commands a lowering of an 

upward transmission power when the receiving 
quality of the received uplink radio channel is 
judged as satisfying the prescribed reference 
quality or a raising of the upward transmission 

25 power when the receiving quality of the 

received uplink radio channel is judged as not 
satisfying the prescribed reference quality; 
and wherein the selection unit of the mobile 
station receives a plurality of transmission 

30 power control informations from said plurality of 

base stations, and selects an uplink radio 
channel received by one base station that is 
transmitting the transmission power control 
information which is continually commanding a 

35 lowering of the upward transmission power for 

a longest period of time prior to the transmis- 
sion power control information immediately 
before a current unit of selective combination 
as the reference radio channel for the current 

40 unit of selective combination; and 

the control unit of the mobile station carries out 
the transmission power control during the cur- 
rent unit of selective combination by lowering or 
raising the upward transmission power at the 

45 prescribed transmission power control interval 

according to the transmission power control 
information transmitted from said one base sta- 
tion that is receiving the reference radio chan- 
nel for the current unit of selective combination. 

so 

15. The system of claim 13, wherein each base station 
includes: 

a unit for measuring a receiving quality of a 
55 received uplink radio channel immediately 

before each unit of selective combination; and 
a unit for transmitting to the mobile station a 
transmission power control information and an 
information on a measured receiving quality; 
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and wherein the selection unit of the mobile 
station selects an uplink radio channel which 
has a best receiving quality according to said 
information on a measured receiving quality for 
a plurality of uplink radio channels as the refer- 
ence radio channel for a current unit of selec- 
tive combination; and 

the control unit of the mobile station carries out 
the transmission power control during the cur- 
rent unit of selective combination by lowering or 
raising the upward transmission power at the 
prescribed transmission power control interval 
according to the transmission power control 
information transmitted from one base station 
that is receiving the reference radio channel for 
the current unit of selective combination. 

16. The system of claim 11, wherein the selection unit 
selects said one radio channel from a plurality of 
downlink radio channels. 

17. The system of claim 16, wherein the mobile station 
further includes: 

a unit for judging whether a receiving quality of 
a received downlink radio channel satisfies the 
prescribed reference quality or not at the pre- 
scribed transmission power control interval; 
and 

a unit for transmitting through an uplink radio 
channel a transmission power control informa- 
tion at the prescribed transmission power con- 
trol interval, wherein the transmission power 
control information commands a lowering of a 
downward transmission power when the 
receiving quality of the received downlink radio 
channel is judged as satisfying the prescribed 
reference quality or a raising of the downward 
transmission power when the receiving quality 
of the received downlink radio channel is 
judged as not satisfying the prescribed refer- 
ence quality; 

and wherein the selection unit of the mobile 
station receives a plurality of downlink radio 
channels from said plurality of base stations, 
and selects a downlink radio channel which 
has a best receiving quality immediately before 
a current unit of selective combination as the 
reference radio channel for the current unit of 
selective combination; and 
the control unit of the mobile station transmits 
an identical transmission power control infor- 
mation to all of said plurality of base stations at 
the prescribed transmission power control 
interval according to a receiving quality of the 
reference radio channel for the current unit of 
selective combination, so that each base sta- 
tion actually carries out the transmission power 
control during the current unit of selective com- 



bination by lowering or raising the downward 
transmission power at the prescribed transmis- 
sion power control interval according to the 
identical transmission power control informa- 
tion transmitted from the mobile station. 

18. The system of claim 1 1 , wherein the mobile station 
further includes: 

a unit for transmitting an uplink radio channel 
containing a reference radio channel specifying 
information for specifying the reference radio 
channel for each unit of selective combination; 
and wherein each base station includes: 

a unit for judging whether the reference 
radio channel for a current unit of selective 
combination specified by the reference 
radio channel specifying information is a 
radio channel of said each base station or 
not; and 

a unit for transmitting transmission data 
contained within the current unit of selec- 
tive combination to the combining station 
via a wire transmission line when the refer- 
ence radio channel for the current unit of 
selective combination is a radio channel of 
said each base station. 



30 19. The system of claim 18, wherein said each base 
station does not transmit the transmission data con- 
tained within the current unit of selective combina- 
tion to the combining station via the wire 
transmission line when the reference radio channel 

35 for the current unit of selective combination is not a 
radio channel of said each base station. 



20. The system of claim 18, wherein said each base 
station does not transmit the transmission data con- 
tained within the current unit of selective combina- 
tion to the combining station via the wire 
transmission line when a state in which the refer- 
ence radio channel for the current unit of selective 
combination is not a radio channel of said each 
base station is consecutively encountered for a pre- 
scribed number of times. 
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21. A mobile station apparatus for a CDMA mobile 
communication system comprising a mobile sta- 
tion, a plurality of base stations, and a combining 
station, where the mobile station during a soft 
handover is simultaneously connected with a plural- 
ity of base stations via a plurality of radio channels 
while said plurality of base stations are connected 
with a combining station via a plurality of wire trans- 
mission lines so that a plurality of transmission sig- 
nals from said plurality of base stations to the 
combining station are selectively combined at a 
prescribed selective combination interval by the 
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combining station and a plurality of transmission 
signals from said plurality of base stations to the 
mobile station are selectively combined at the pre- 
scribed selective combination interval by the mobile 
station, the mobile station apparatus comprising: 5 



22. A mobile station apparatus for a CDMA mobile 
communication system comprising a mobile sta- 
tion, a plurality of base stations, and a combining 



station, where the mobile station during a soft 
handover is simultaneously connected with a plural- 
ity of base stations via a plurality of radio channels 
while said plurality of base stations are connected 
with a combining station via a plurality of wire trans- 
mission lines so that a plurality of transmission sig- 
nals from said plurality of base stations to the 
combining station are selectively combined at a 
prescribed selective combination interval by the 
combining station and a plurality of transmission 
signals from said plurality of base stations to the 
mobile station are selectively combined at the pre- 
scribed selective combination interval by the mobile 
station, the mobile station apparatus comprising: 

a selection unit for selecting one radio channel 
among a plurality of downlink radio channels as 
a reference radio channel at the prescribed 
selective combination interval; 
a control unit for carrying out a transmission 
power control at a prescribed transmission 
power control interval so that a receiving qual- 
ity of the reference radio channel satisfies a 
prescribed reference quality, while not switch- 
ing the reference radio channel within the pre- 
scribed selective combination interval: 
a judgement unit for judging whether a receiv- 
ing quality of a received downlink radio channel 
satisfies the prescribed reference quality or not 
at the prescribed transmission power control 
interval; and 

a transmission unit tor transmitting through an 
uplink radio channel a transmission power con- 
trol information at the prescribed transmission 
power control interval, the transmission power 
control information being commanding a lower- 
ing of a downward transmission power when 
the receiving quality of the received downlink 
radio channel is judged as satisfying the pre- 
scribed reference quality or a raising of the 
downward transmission power when the 
receiving quality of the received downlink radio 
channel is judged as not satisfying the pre- 
scribed reference quality; 
wherein the selection unit receives a plurality of 
downlink radio channels from said plurality, of 
base stations, and selects a downlink radio 
channel which has a best receiving quality 
immediately before a current unit of selective 
combination as the reference radio channel for 
the current unit of selective combination; and 
the control unit transmits an identical transmis- 
sion power control information to all of said plu- 
rality of base stations at the prescribed 
transmission power control interval according 
to a receiving quality of the reference radio 
channel for the current unit of selective combi- 
nation, so that each base station actually car- 
ries out the transmission power control during 



a selection unit for selecting one radio channel 
among a plurality of uplink radio channels as a 
reference radio channel at the prescribed 
selective combination interval; and 10 
a control unit for carrying out a transmission 
power control at a prescribed transmission 
power control interval so that a receiving qual- 
ity of the reference radio channel satisfies a 
prescribed reference quality, while not switch- is 
ing the reference radio channel within the pre- 
scribed selective combination interval; 
wherein each base station judges whether a 
receiving quality of a received uplink radio 
channel satisfies the prescribed reference 20 
quality or not at the prescribed transmission 
power control interval, and transmits through a 
downlink radio channel a transmission power 
control information at the prescribed transmis- 
sion power control interval, the transmission 25 
power control information being commanding a 
lowering of an upward transmission power 
when the receiving quality of the received 
uplink radio channel is judged as satisfying the 
prescribed reference quality or a raising of the 30 
upward transmission power when the receiving 
quality of the received uplink radio channel is 
judged as not satisfying the prescribed refer- 
ence quality; 

the selection unit receives a plurality of trans- 35 
mission power control informations from said 
plurality of base stations, and selects an uplink 
radio channel received by one base station that 
is transmitting the transmission power control 
information which is continually commanding a 40 
lowering of the upward transmission power for 
a longest period of time prior to the transmis- 
sion power control information immediately 
before a current unit of selective combination 
as the reference radio channel for the current 45 
unit of selective combination; and 
the control unit carries out the transmission 
power control during the current unit of selec- 
tive combination by lowering or raising the 
upward transmission power at the prescribed so 
transmission power control interval according 
to the transmission power control information 
transmitted from said one base station that is 
receiving the reference radio channel for the 
current unit of selective combination. ss 
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the current unit of selective combination by low- 
ering or raising the downward transmission 
power at the prescribed transmission power 
control interval according to the identical trans- 
mission power control information transmitted 5 
from the mobile station. 
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